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The high latitude regions, such as the Southern Ocean and the subarctic North Pacific, exert key 35 controls on atmospheric CO2. Both areas are where upwelling of deep carbon-and nutrient-rich water 36 occurs, which promotes outgassing of previously stored carbon to the atmosphere and nutrient 37 fertilisation of primary productivity, in turn drawing down CO2. The balance of processes involved in 38 determining whether these oceanic regions are a source or sink of CO2 are poorly understood, to the 39 extent that the oceanic controls on glacial-interglacial pH and pCO2 changes remain a subject of 40 vigorous debate (e.g. Martin, 1990; Sigman and Boyle, 2000) . Recently, several studies have shown 41 how the boron isotope pH proxy applied to calcitic foraminifera successfully tracks surface water CO2 42 content, and thus documents changes in air-sea CO2 flux along the margins of these regions (e.g. 
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Early exploratory work by Ishikawa and Nakamura (1993) showed that biogenic silica and diatom ooze and Nakamura, 1993) it also likely reflects an opal:seawater isotopic fractionation arising from the 71 substitution of borate for silicate in tetrahedral sites in the opal (Ishikawa and Nakamura, 1993 
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Where Ni is the initial cell density at the start of the experiment (ti) and Nt is the cell density at time t.
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Triplicate estimates of cell size were also determined using the Coulter Multizier (Table 1) .
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The boron concentration of the culture media was not determined but is assumed to be the same as 
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Boron is an essential nutrient for diatoms (Lewin, 1966) and it is likely that boric acid passively diffuses 297 across the cell wall to ensure the diatom cell has sufficient boron to meet its biological needs. 
